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Reviewers' comments:  
 
Reviewer #1 (Remarks to the Author):  
 
Review of the paper “Dynamic viability of the 2016 Mw 7.8 Kaikoura earthquake cascade on weak 
crustal faults” by T. Ulrich and coauthors.  
 
This is a nice piece of work, providing new insights in the rupture evolution of the Kaikoura 
earthquake from a dynamic modeling perspective. Beside the existing number of publications on this 
outstanding earthquake, this works provides new, important findings, which deserve a prompt 
publication.  
 
The paper provides a new dynamic model, able to explain the complex cascade rupture on multiple 
faults and slow apparent rupture duration, providing novel and convincing models and results. This 
is for sure an important publication, at least for a broad seismological community.  
 
Thus I suggest acceptance upon minor revision. I list my few minor comments below.  
 
1) Fault geomety  
At Pag. 5, authors state that Southern part of Hope and the complete Upper Kowhai fault are 
removed from the model. While they justify this choice according to observation, it remains unclear 
what would have prevented these faults to fail.  
 
2) Results  
At Pag. 11, one of the main result is presented: the rupture cascade is dynamically viable without slip 
on the interface. This is the obvious result of the chosen model, which does not include the 
interface. Thus, I understand that results cannot disproof some slip on the interface. Some 
comments should probably be included here, or best in the discussion section.  
 
3) Slow rupture speed  
Again at Pag. 11, 3rd paragraph, is one of the most interesting results in my view. The rupture 
cascade contributes to explain the slow apparent rupture speed. I suggest the authors to stress more 
on this result, also in the discussion/conclusion sections. While the slow apparent velocity and long 
rupture durations have been depicted by almost all seismological works on Kaikoura, this is for me 
the first valuable justification for such observation, and strongly support the new dynamic model.  
 
4) Slip-weakaning distace Dc at pag. 13 should be better introduced  
 
5) Typo:  
Pag. 3 Ceska et al. → Cesca et al.  
 
 
 
 
Reviewer #2 (Remarks to the Author):  
 
Through a comprehensive, and well documented approach, the paper addresses an interesting 
question as to whether physics-based, dynamic rupture simulation can reproduce a set of 
observations associated with the complex Kaikōura (New Zealand) earthquake. The dynamic rupture 
model is based on a state-of-the-art numerical technique that includes realistic complexities, such as 
non-planar fault geometry, laboratory-derived friction laws, off-fault plasticity, material 
heterogeneities, and topography. This would be the first study to present dynamic rupture 
simulation of the complex Kaikōura earthquake. While findings about the rupture able to cascade 
without any contribution from the subduction interface are not able to rule the interface 
contribution totally out, they do bring an important conclusion from a dynamic perspective. 
However, I feel that three key issues need to be addressed to make this manuscript eligible for 
publication in Nature Communications: broader objectives, improved data fits to support the model 
and concerns about the model being overly-tuned. These three issues are described in more details 
below.  
 
General comment: the authors have covered the method in great details in the supplementary 
section, sometimes leaving the main section too vague (e.g., p8 “using static considerations, we first 
aim for optimal stress parameters within their identified uncertainties”).  
 
(I) Broader objectives  
The study’s purpose is to unravel the “earthquake’s riddles in a physics based manner”, the 3 riddles 
being:  
- a large gap separating fault segments according to Hamling et al., (2017) and Bradley et al. (2017),  
- possibility of significant slip on the subduction interface  
- and slow apparent rupture speed.  
Regarding “the large gap”, it is worth noting that the Hamling et al. (2017) paper mentions “a large 
apparent gap”, as the fault are connected at depth in his model, and that the Bradley (2017) paper 
was a very preliminary attempt to obtain a kinematic model of the earthquake, however the 
waveform fits are not robustly supporting the suggested “20 sec” offset between ruptures.  
While the questions are of scientific interest, I feel that the driving motivation in terms of making a 
significant scientific and societal impact using advanced physics methods was not only to explain 
why the earthquake ruptured in such ways but also most importantly why it did not rupture at all as 
expected. Three more riddles should be investigated about the Kaikōura earthquake:  
- rupturing exclusively to the North even though the recent Canterbury earthquakes significantly 
increased stress south of the epicentre,  
- bypassing the Hope Fault, despite it being the major regional source of seismic hazard,  
- and finally rupturing 200 km of crustal faults but stopping short just south of Wellington.  
A suggested approach could be to first validate the model of the earthquake rupture and 
appropriate physics parameters, then to test/discuss these against highly expected rupture scenarios 
which however did not occur during the Kaikōura sequence.  
 
(II) Improved data fits  
While I appreciate that dynamic rupture model performance is in validating overall rupture 
processes, I have some concerns in the robustness of the results regarding quantitative comparison 
between modelled features and observed ones. Figure 5 coseismic displacement shows large 
discrepancies for the southernmost faults (EW and UD) and the Jordan and Papatea faults (opposite 
rupture mechanisms). Figure 6 GPS vector displacements also shows very large discrepancies with 
too much slip and inconsistent mechanism modelled to the south and too little slip to the north of 
the Kaikōura rupture. With regard to the proposed model time history evolution, Figure S4 synthetic 
waveforms for station KEKS shows over 10 second delay with actual recorded waveforms, therefore 
opening some concerns about the overall robustness of the proposed dynamic model. These points 
are described in more detail below.  
 
+ While I understand that the dynamic rupture model is tuned to fit the source time function 
estimated from published kinematic models, removing the Upper Kowhai fault out of the fault 
model cannot be justified, as there is strong geodetic evidence suggesting that a moderate amount 
of slip at depths on Upper Kowhai occurred during the Kaikōura earthquake (Hamling et al., 2017; Xu 
et al., 2017). This type of consideration should be motivated by the data. Local strong-motion and 
high-rate GPS data (both available via GeoNet: https://www.geonet.org.nz/) do not really support 
the sequential rupture from Point Kean, to Papatea, to Kekerengu. In addition, Figure 6 shows a 
significant disagreement between the model and GPS data around the town of Kaikōura and the 
Upper Kowhai fault. By the way, please provide root-mean-square misfit or variance reduction, as 
the fits shown in Figure 6, especially the vertical component, appear to be not good. Also, please 
move Figure S1 to the main paper, which nicely highlights several key assumptions in this study.  
 
+ Furthermore, published papers have not yet shown any evidence that the Papatea fault was 
ruptured before the Kekerengu fault. If anything, this is the other way around. Comparison of 
synthetic seismograms at station KEKS (Figure S4) with the data presented in published papers 
suggests a significant time shift (of more than 10 seconds) between the arrivals of the dominant 
phases at station KEKS, indicating that the model is not consistent with local seismic data. If the 
authors simply shift the rupture time of the Kekerengu fault to match the seismic data, then the 
source time function would become incompatible with those estimated from kinematic rupture 
models (Figure 4f). Please discuss these caveats and carefully interpret the modeling result.  
 
+ The authors imply crustal faults ruptured during the Kaikōura earthquake are weak, citing evidence 
that crustal faults in the Marlborough region are not optimally oriented with respect to the regional 
stress inferred from seismological observations (Townend et at. 2012). Townend et al.’s inference 
was for for major Marlborough faults (e.g., Hope, Clarence, Awatere, and Wairau) that are vertical 
strike-slip. In contrast, many faults (Hundalee, Jordan, Kekerengu, Needles, etc) ruptured during the 
Kaikōura quake dip toward northwest (50 – 70 degrees) and hence are more or less optimally 
oriented with respect to the regional stress field. Therefore I am puzzled by the authors’ claim about 
the weakness of these faults. I would argue that the weakness of these crustal faults is simply the 
outcome of the assumed friction laws (not the outcome of the modeling result), in that in order to 
produce reasonable stress drop with enhance dynamic weakening, the prestress needs to be quite 
low (e.g., Noda et al., 2009).  
 
(III) Model over-tuned  
As a result of the complicated modeling approach, it is difficult to understand the robustness of the 
claims made in this study and sensitivity of the results to underlying assumptions. My impression is 
that the model is overly tuned to match observations and kinematic rupture models.  
 
+ The authors assume a particular shape of the depth-dependence stress functions shown in Figure 
S9, which are rather arbitrary aside from the fact that some increase of stress at depths near the 
rheological transition is intuitively expected. Why not simply assume a linear increase with depth? It 
looks to me that the exact shape of these functions strongly controls the rupture propagation 
behavior (Figure S1). Additional simulations and discussion would be needed to quantify the 
sensitivity of these assumed functions to the resulting rupture behavior.  
 
+ On reducing initial stress on the Needles fault. If stress changes on the Needles fault induced by 
the 2013 Cook Strait sequences are used to justify the removal of 10 m coseismic slip, there is 
something wrong with the estimate of the stress changes. Note that the Cook Strait and Lake 
Grassmere earthquakes are M6.5-6.6, with the maximum slip of the order of 3 m, which would have 
induced relatively small stress changes (<0.5 MPa) on the Needles fault.  
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REVIEWERS' COMMENTS:  
 
Reviewer #1 (Remarks to the Author):  
 
This is a nice, new contribution on the rupture dynamics of the Kaikoura earthquake, which 
showed an interesting and complex rupture process at a subduction termination.  
Beside the available literature on this earthquake, this study provides new and interesting results, 
in particular with respect to the presented dynamic model, able to explain the complex cascade 
rupture on multiple faults and slow apparent rupture duration.  
Authors carefully considered all reviewers suggestions.  
I think the paper can now be accepted for publication.  
Simone Cesca  
 
 
Reviewer #2 (Remarks to the Author):  
 
Thank you for thoroughly reviewing the manuscript.  
I am very pleased with the corrections/added information and appreciate your efforts put in 
comparing regional fits and especially teleseismic fits.  
I only have minor comments:  
- please spell Kaikōura consistently throughout the manuscript  
- Somes figures require a distance scale and possibly orientation (Fig. 1, 2,3 etc)  
Reviewer #1 (Remarks to the Author): 
 
This is a nice, new contribution on the rupture dynamics of the Kaikoura earthquake, which 
showed an interesting and complex rupture process at a subduction termination. 
Beside the available literature on this earthquake, this study provides new and interesting 
results, in particular with respect to the presented dynamic model, able to explain the complex 
cascade rupture on multiple faults and slow apparent rupture duration. 
Authors carefully considered all reviewers suggestions. 
I think the paper can now be accepted for publication. 
Simone Cesca 
 
 
Reviewer #2 (Remarks to the Author): 
 
Thank you for thoroughly reviewing the manuscript. 
I am very pleased with the corrections/added information and appreciate your efforts put in 
comparing regional fits and especially teleseismic fits. 
I only have minor comments: 
- please spell KaikÅ​ura consistently throughout the manuscript 
- Somes figures require a distance scale and possibly orientation (Fig. 1, 2,3 etc) 
 
Kaikōura is now spelled consistently throughout the manuscript. 
 
The North direction and a distance scale have been added to figure 2. Latitude and longitude 
lines have been added to figures 1 and 3.  
 
--------------- 
Apart from the above, we report the following changes: 
 
- The synthetic displacement presented in figure 4 were from a outdated simulation. We 
fixed this mistake. 
- The teleseismic comparisons are now computed using a Green’s function database 
accurate to 2 s period (previously 10 s). 
- The code of the projection we use was wrong in the text. This has been corrected. 
- Subheaders have been added to the results section 
- Following discussion with the Editor, we now integrate the section Model into section 
Results (sections Fault geometry, Friction and Initial stress have been moved to 
Results). Section ‘Numerical methods’ has been moved to Methods.The reference to 
Figure 3 has been moved from Numerical methods to Results, to keep this figure in the 
main text. 
- We rewrote the first and last paragraph of the introduction. 
